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Course Materials and Q&A

A Webinar recordings, PowerPoint
presentations, and the homework
assignment can be found after each
session at:

I https://appliedsciences.nasa.qoVv/|oi

n-mission/training/english/arset -
atmospheric -co2 -and -ch4 -budgets -
support -global -stocktake

A Q&A: Following each lecture and/or by
email:

I  sean.mccarthey@nasa.qov
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Homework and Certificates

A Homework:

I One homework assignment for the intermediate sessions submitted via
Google Forms

A Available on training website

A Certificate of Completion
I Attend all three live introductory webinars
I Complete the homework assignment by Wednesday, June 8

I You will receive certificates approximately two months after
completion of the course from: marines.martins@ssaihg.com
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Webinar Agenda

Part 1. Wednesday, May 11, 2022

I Tracking greenhouse gas emissions and removals to meet the Mitigation objectives of the Paris Agreement
I The need for transparent methods for tracking greenhouse gas emissions and removals at national scales
| National inventories and top  -down atmospheric budgets for tracking greenhouse gases

Part 2. Wednesday, May 18, 2022

I What human activities and natural processes control emissions and removals of CO ,and CH ,?
| How well can we measure CO , and CH , with existing ground -based, airborne, and space -based sensors?
| How are these data used to estimate emissions and removals of these gases on national scales?

Part 3. Wednesday, May 25, 2022

How can atmospheric CO , and CH , budgets be combined with inventories to support a more
complete, accurate, and transparent global stocktake?

I  Define best available products and best practices for combining these methods to develop national
inventories and to assess the collective progress of those efforts towards the goals of the Paris Agreement

Exploring oUse Caseso6 that illustrate the application
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Review of Path Traveled So Far



[
Human Activities Contributing to CO  , and CH , Emissions .-'

Human activities contribute  ~60% of the 0.6 billion tons of

- i methane (CH ,) emitted to the atmosphere each year.

£

hinthro DS A The rest is emitted primarily by natural wetlands and
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Saunois et al. (2020), https://doi.org/10.5194/essd  -12-1561-2020

Natural processes are removing over half of the CO , produced by these human activities.
This may change as the natural carbon cycle responds to human activities and climate change.
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Tracking GHG Emissions: "
Bottom -Up Inventories and Top-Down Atmospheric Budgets
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Estimate Fluxes using an
Atmospheric Inverse

model
Bottom -Up
National PetaJoules/yr x tCO ,/PJ + Hectares Field -Forest x tCO ,/hectare + &
Inventories 1 tCO ,/yr = Activity x Emission Activity x  Emission
Factor Factor
Prepared in accordance with the Intergovernmental Panel on Climate Change ( IPCC)

Guidelines for GHG inventories, as adopted by the Conference of Parties ( COP).

.-. . NASAGs Applied Remote Sensing Training Program 7.



Key Assets of Bottom -Up and Top -Down Methods

A Bottom -Up Inventories of Greenhouse Gas Emissions and Removals

I Provide the best method for tracking emissions and removals by known sources with
well -characterized activity data and emission factors

I Can yield direct insight into the  effectiveness of emissions reduction policies for
specific categories of specific sectors included in the inventory

I Provide prior information needed for top  -down atmospheric inversions

A Top-Down Estimates of Net Greenhouse Gas Emissions and Removals

I Exploit the best available science  for assessing collective progress toward the
greenhouse gas emissions reduction targets

I Offer a partially independent approach for assessing completeness of standard
iInventory methods based on activity data and emission factors

I Can track emissions changes on unmanaged lands and oceans associated with
human activities or climate change, which are not included in inventories

I Improve traceability of emissions  policies , to greenhouse gas abundances to climate
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Combining Bottom -Up and Top -Down Inventories to Support ' .'-
the Global Stocktakes

Top-Down Budgets
A Provide an integrated constraint
on emissions and removals
A Can track emission changes
from the natural carbon cycle
caused by human activities and
climate change
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Comparing and Combining Top  -Down Budgets
with Bottom -Up Inventories



Combining Bottom -up and Top -down Methods

A In principle , bottom -up inventories and top -down flux budgets can be:

I Combined to produce a more complete and transparent inventory of
emissions and removals of greenhouse gases

I Compared to assess collective progress toward the goals of the UNFCCC and
Paris Agreement and to track the effects of human activities and climate
change on the efficiency of land, ocean, and atmospheric sinks of GHGs

A In practice , this process is complicated because bottom -up inventories and top -
down flux budgets:

I Do not measure the same quantities over the same areas and time periods
I Have different sources of uncertainties

A Here we review assets and challenges and identify gaps needing attention.
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Comparing Top -Down Budgets with Bottom -Up Inventories

A The Intergovernmental Panel on Climate Change ( IPCC) Taskforce on Inventories
provided some guidance in their 2019 Refinement to the 2006 IPCC Guidelines for

National Greenhouse Gas Inventories

| Recognized that atmospheric measurements and inverse models had made notable
advances since the 2006 guidelines were adopted, and examined their utility in quality
assessment (QA) and quality control ( QC) (Vol. 1, Ch. 6)

I Concluded that these methods are improving rapidly, but were not widely established
as a standard tool for verification of conventional inventories because:

A Limitations in existing measurement capabilities, transport errors, and other
uncertainties in models can introduce uncertainties in national -scales estimates.

A They do not clearly separate  anthropogenic emissions from natural sources & sinks .

A Parties to the Paris Agreement have not yet acknowledged this refinement to the
IPCC guidelines, but some have started implementing its recommendations
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Early Adopters of Inverse Models for Verifying Inventories

A The UK, Switzerland , and New Zealand were among the first to include
atmospheric inverse modeling results as a verification system in national
Inventory reports.

i Early use of inverse model results focused on fluorinated gases and CH

A Fluorinated species have no natural source interference and there are
large uncertainties in the conventional inventories.

A CH, has both natural and anthropogenic sources, but it has a strong
atmospheric sianal -to-noise ratio and inventories have large uncertainties.
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Early Adopters of Inverse Models for Verifying Inventories

A CO, was not a primary target for early top - Global Carbon Project Fossil

Friedlingstein et al. (2021) } Fuel Use

down estimates because:

I The primary source of CO , emissions for most
countries is fossil fuel use , which has well -tracked
activity and well -characterized emission factors
yielding relatively small uncertainties in inventories.

I Measurements with high precision and accuracy
(< 0.25%) are needed to detect and guantify
concentration variations for typical sources & sinks.

A However:

| AFOLUemissions have much larger uncertainties
but natural processes that both emit & remove
CO, on a range of scales introduce additional
challenges in the attribution of top -down results. 380

< 20 ppm (5%) variation pole -to-pole

(NASA Goddard Modeling and Assimilation Office)
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